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FIG. 26
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(SECTIONAL VIEW TAKEN ALONG A-A" LINE IN FIG. 26)
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2012-
149284 filed on Jul. 3, 2012 including the specification,

drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

The present invention relates to a semiconductor device in
which two semiconductor chips for contactless communi-
cation, which are laminated one on another, are mounted on
a wiring board, and further relates to a method of manufac-
turing the device. The mvention particularly relates to opti-

mization of a lamination form of two semiconductor chips
and arrangement of pads, and further to a technique eflective
when applied, for example, to an IC card or a mobile
communication terminal having a contactless communica-
tion interface.

As described 1n Patent Document 1, the high-frequency
contactless communication interface mode to be applied to
IC cards, etc., include: Type A and Type B, which are
compliant with ISO (International Organization for Stan-

dardization/IEC (International Electrical Commaission)
14443; NFC (Near Field Communication 212 kbps passive

mode compliant with ISO/IEC 18092; and the like. The

semiconductor devices capable of handling these contactless
communication interface modes include both a device that
individually handles one communication mode and a device
that handles each of the aforementioned three communica-
tion modes, as described in Patent Document 1.

The carrier frequency of each of the atorementioned Type
A, Type B, and NFC 212 kbps passive mode (for conve-
nience, referred to as Type C) 1s 13.56 MHz, which 1s equal
to those of the others. The modulation mode of a recerved
signal 1s 100% ASK i Type A, ASK 10% i Type B, and
ASK 10% 1n Type C. The bit coding of a transmission/
received signal 1s performed to be compliant with each
specification, and accordingly different from each other.

In Patent Document 1, a semiconductor integrated circuit
1s disclosed, which 1s configured: to determine which speci-
fication a received signal 1s compliant with; and to perform
signal decoding and secure processing 1 accordance with
the type compliant with the determination result. Such a
semiconductor mntegrated circuit imncludes a power supply
circuit, a demodulation circuit, a modulation circuit, a con-
tactless control circuit that performs determination of a
communication type and encoding/decoding processing of
transmission/received data, and a data processing circuit that
performs secure processing, such as encoding/decoding for
transmission/reception and authentication. It 1s said that
such a semiconductor mtegrated circuit may have a single-
chip structure or a multi-chip structure as well. When a
multi-chip structure i1s adopted, 1t 1s said that: the power
supply circuit, the demodulation circuit, the modulation
circuit, and the contactless control circuit may be mounted
in a first semiconductor chip; and, a RAM, a ROM, a CPU,
an EEPROM, and an interface circuit with the first chip may
be 1 a second semiconductor chip.
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[Patent Document 1] Japanese Unexamined Patent Pub-
lication No. 2010-9353
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|Patent Document 2] Japanese Unexamined Patent Pub-
lication No. 2010-171169

SUMMARY

The present inventors have further studied in order to
form, by a multi-chip structure, a semiconductor device
capable of handling multiple different high-frequency con-
tactless communication modes, as represented by the afore-
mentioned Type A, Type B, and Type C. As stated above,
according to Patent Document 1, a high-frequency interface
circuit and a circuit that performs, in accordance with
different communication modes, modulation/demodulation
and decoding and encoding of data are mounted 1n the first
chip; and a data processing circuit that performs secure
processing, etc., in accordance with each of the different
communication modes 1s mounted 1n the second chip.

In such a case, however, 1t 1s required to newly develop
both a first chip and a second chip. For example, an existing
semiconductor chip, which has been used 1n baseband
processing or secure processing in the contactless commu-
nication mode of Type C, cannot be utilized. In addition, a
data processing circuit, which performs secure processing,
etc., 1n accordance with each of the atorementioned three
different communication modes, 1s intended to be mounted
in the second chip, the storage capacity of the ROM f{for
storing respective secure processing programs, and further
that of the RAM for configuring a work area for data
Processing or an area for temporarily storing data, become
large, thereby causing, the size of the second chip to be
extremely larger than that of the first chip. A semiconductor
device formed by laminating a plurality of semiconductor
chips, the sizes of which are extremely different from each
other, becomes larger in size than 1s necessary.

The present inventors have taken into consideration the
useiulness 1 which: the sizes of semiconductor chips to be
laminated are made not to be extremely different from each
other; and a semiconductor device capable of handling
multiple different high-frequency contactless communica-
tion modes 1s formed by multi-chip structure obtained by
utilizing an existing semiconductor chip for data processing,
which has been used 1n secure processing 1 a single
contactless communication mode. That 1s, secure processing
circuits capable of handling contactless communication
modes of three types are divided to two semiconductor chips
to absorb a difference between the sizes of the two semi-
conductor chips, and in the case, 1t 1s made that an existing
semiconductor chip, which has been used in base band
processing or secure processing, can be utilized in one of the
two semiconductor chips.

When intending to follow such viewpoints, the present
inventors have faced fturther problems. Firstly, the size of an
external output bufler for externally outputting a high-
frequency output current becomes larger than those of other
external IO butlers. Accordingly, on the premise that an area
necessary for the external output bufler 1s maintained, i
pads for external connection, which are to be connected with
the external output bufler, are arranged on (shifted to) the
same line as the arrangement line of pads for external
connection, which are to be connected with the other exter-
nal I/O buflers, or 1f the pads for external connection, which
are to be connected with the other 1/O buflers, are arranged
on (shifted to) the same line as the arrangement line of the
pads for external connection, which are to be connected with
the external output buller, the area efliciency with respect to
the arrangement of pads becomes deteriorated. On the other
hand, taking into consideration the area efhiciency with
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respect to the arrangement of pads, 1t the pads for external
connection, which are to be connected with the external
output bufler, are arranged on the same line as that of the
pads for external connection, which are to be connected with
the other I/O butlers, the internal wiring between the exter-
nal output bufller for externally outputting high-frequency
output current and the pad for external connection becomes
larger than 1s necessary, thereby causing the fear that a
desired electrical property may not be obtained. In Patent
Document 2, an arrangement i which part of pads are
shifted from the others 1s illustrated, although there 1s no
similarity between the problems of the present application
and Patent Document 2. Secondly, if the pads each for
outputting a high-frequency transmission current is shifted
from the line of the other I/O pads, it should be taken nto
consideration that the shift never hampers the lamination of
the semiconductor chips and the electrical connection
between corresponding pads.

Means, etc., for solving the aforementioned problems will
be described below, but other problems and new features
will become clear from the description and accompanying,
drawings of the present specification.

Of the preferred embodiments disclosed in the present
application, the outline of a typical one will be brietly
described as follows.

That 1s, a first semiconductor chip that performs both
interface control of high-frequency contactless communica-
tion and data processing of communication data 1s mounted
on a wiring board, and a second semiconductor chip that
performs another data processing of the communication data
1s mounted on the first semiconductor chip. In this case,
transmission pads in the first semiconductor chip are
arranged at positions farther from a periphery of the chip
than those of receiving pads, and the second semiconductor
chip 1s mounted by being biased on the first semiconductor
chip so as to keep away the transmission pads.

Advantages obtained by, of the preferred embodiments
disclosed 1n the present application, a typical embodiment
will be, brietly described as follows.

That 1s, a semiconductor device capable of handling
multiple different high-frequency contactless communica-
tion modes can be optimally formed by a multi-chip struc-
ture. For example, because a data processing function for
communication data has been divided to both the semicon-
ductor chips, the sizes thereof are not extremely different
from each other. An existing semiconductor chip for data
processing, which has been used in secure processing in a
single contactless communication mode, can be utilized as
the second semiconductor chip, which 1s one of the two
semiconductor chips to which the data processing function
for communication data has been divided. By arranging
transmission pads at positions farther from a periphery of the
chip than those of receiving pads, restriction can be easily
avoided, the restriction being that, 1f the size of an external
output bufler for externally outputting a high-frequency
output current 1s larger than those of other external 1/0
buflers, the area efliciency with respect to the arrangement
of the transmission pads may become deteriorated. Further,
the length of the internal wiring between the external output
bufler for externally outputting a high-frequency output
current and a corresponding transmaission pad can be easily
optimized. It the transmission pads are shifted from the lines
of the other I/O pads, hampers for the lamination of the first
semiconductor chip and the second semiconductor chip and
for the electrical connection between corresponding pads
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4

can be easily avoided by biasing the second semiconductor
chip on the first semiconductor chip so as to keep away the
transmission pads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block view illustrating a high-frequency
contactless communication system to which a semiconduc-
tor device according to an embodiment 1s applied;

FIG. 2 1s a plan view 1illustrating the upper surface side of
the semiconductor device according to the embodiment;

FIG. 3 1s a plan view 1illustrating the lower surface side of
the semiconductor device 1in FIG. 2;

FIG. 4 1s a plan view 1llustrating the upper surface side of
the semiconductor device illustrated in FIG. 2, from which
a sealing body has been removed;

FIG. 5 1s a sectional view, taken along A-A' Line 1n FIG.
4.

FIG. 6 1s a sectional view, taken along B-B' Line 1n FIG.
4;

FIG. 7 1s a plan view 1llustrating the upper surface side of
a wiring board;

FIG. 8 1s a plan view 1llustrating the lower surface side of
the wiring board illustrated in FIG. 7;

FIG. 9 15 a sectional view, taken along A-A' Line 1n FIG.
7,

FIG. 10 1s a sectional view, taken along B-B' Line 1n FIG.
7;

FIG. 11 1s a plan view 1illustrating the upper surface of an
RF chip;

FIG. 12 1s a plan view 1illustrating the upper surface of a
security chip;

FIG. 13 1s a top view 1illustrating the whole structure
substrate (wiring board, interposer board) prepared 1 a
provision step;

FIG. 14 1s a view 1illustrating the lower surface of the
substrate 1n FIG. 13;

FIG. 15 15 a sectional view, taken along A-A' Line 1 FIG.
13;

FIG. 16 1s a sectional view, taken along B-B' Line 1n FIG.
13;

FIG. 17 1s a plan view 1llustrating a state in which the RF
chip 1s mounted 1n a device region of a base material 1n a
chip mounting step;

FIG. 18 15 a sectional view, taken along A-A' Line 1 FIG.
17;

FIG. 19 1s a sectional view, taken along B-B' Line in FIG.
17;

FIG. 20 15 a plan view 1llustrating a state in which the RF
chip and the security chip are mounted 1n the device region
of the base material 1n the chip mounting step;

FIG. 21 1s a sectional view, taken along A-A' Line 1n FIG.
20;

FIG. 22 1s a sectional view, taken along B-B' Line 1n FIG.
20;

FIG. 23 15 a plan view illustrating a state in which the RF
chip on the lower side 1s wire bonded 1n a wire bonding step
for wire bonding the RF chip and the security chip mounted
in the device region of the base matenrial;

FIG. 24 15 a sectional view, taken along A-A' Line 1 FIG.

23

FIG. 25 1s a sectional view, taken along B-B' Line in FIG.
23:;

FIG. 26 1s a plan view 1llustrating a state in which the
security chip on the upper side 1s wire bonded 1n the wire
bonding step for wire bonding the RF chip and the security
chip mounted 1n the device region of the base material;
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FI1G. 27 1s a sectional view, taken along A-A' Line 1n FIG.
26;

FI1G. 28 1s a sectional view, taken along B-B' Line in FIG.
26;

FI1G. 29 1s a plan view illustrating a state after mold array 5
package has been performed;

FIG. 30 1s a sectional view, taken along A-A' Line 1n FIG.
29:
FI1G. 31 1s a sectional view, taken along B-B' Line 1n FIG.
29; 10
FIG. 32 1s a plan view illustrating a state after a ball
mounting step and a dicing step have been performed;

FIG. 33 1s a sectional view, taken along A-A' Line 1n FIG.
32; and

FI1G. 34 1s a sectional view, taken along B-B' Line in FIG. 15
32.

DETAILED DESCRIPTION

1. Outline of Embodiment 20

The outline of a typical embodiment disclosed 1n the
present application will be first described. In the description
of the outline thereof, parenthetical reference numerals 1n
the drawings only illustrate objects included 1n the concepts 25
of the components to which the reference numerals are
attached.
| 1] <Arrangement of Transmission Pads at Positions Farther
from Periphery of Chip than those of Receiving Pads>

A semiconductor device (1) according to a typical 30
embodiment has a basic structure in which: first semicon-
ductor chip (100) that performs both interface control of
high-frequency contactless communication and data pro-
cessing ol communication data 1s mounted on a wiring board
(300); and a second semiconductor chip (200) that performs 35
another data processing of the communication data 1is
mounted on the first semiconductor chip. The wiring board
has: an upper surface (315); a plurality of first bonding leads
(321A, 321B, 321C, 321D) formed along a first upper
surface side (311) of the upper surface; a plurality of second 40
bonding leads (322) formed along a second upper surface
side (312) facing to the first upper surface side of the upper
surface; a lower surface opposite to the upper surface; and
a plurality of bump lands (302) formed on the lower surface,
a shape 1n a plan view of the upper surface being, comprised 45
of a quadrangle. The first semiconductor chip has: a main
surface (125); plurality of first main surface side pads
(131A, 131B, 131C) formed along a first main surface side
of the main surface; a plurality of second main surface side
pads (132) formed along a second main surface side (122) 50
facing to the first main surface side of the main surface; and
a rear surface opposite to the main surface, a shape 1n a plan
view of the main surface being comprised of a quadrangle.
The first semiconductor chip 1s mounted on the upper
surface of the wiring board such that the rear surface faces 55
to the upper surtace of the wiring board, and such that the
first and second main surface sides are in aligned with the
first and second upper suriace sides, respectively, in the plan
view, and such that each of the first bonding leads and the
second bonding leads 1s exposed. The second semiconductor 60
chup has: a front surface (215); a plurality of first front
surface side pads (231) formed along a first front surface
side (221) of the front surface; and a back surface opposite
to the front surface, a shape 1 a plan view of the front
surface being comprised of a quadrangle. The second semi- 65
conductor chip 1s mounted on the main surface of the first
semiconductor chip such that the back surface faces to the
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main surface of the first semiconductor chip, and such that
the first front surface side 1s aligned with the first main
surface side, respectively, 1n the plan view, and such that
cach of the first main surface side pads and the second main
surface side pads 1s exposed. The first main surtace side pads
and a first lead group (321A, 321B, 321C) of the first
bonding leads are electrically connected by a plurality of
first wires (410A, 410B, 410C), respectively. The second
main surface side pads and the second bonding leads are
clectrically connected by a plurality of second wires (411),
respectively. The first front surface side pads and a second
lead group (321D) of the first bonding leads are electrically
connected by a plurality of third wires (412), respectively.
The first main surface side pads include both plurality of first
pads (131A) each for externally outputting a high-frequency
transmission current signal and a plurality of second pads
(131B) each for inputting a high-frequency receiving current
signal from the outside. The first pads are arranged closer to
the second main surface side than the other pads of the first
main surtace side pads.

According to the aforementioned semiconductor device, a
data processing function for communication data are divided
to both the first semiconductor chip and the second semi-
conductor chip, and hence the sizes thereof are not
extremely different from each other. Further, because of the
division of the data processing function, an existing semi-
conductor chip for data processing, which has been used 1n
secure processing in a single contactless communication
mode, can be utilized as the second semiconductor chip,
which 1s one of the two semiconductor chips to which the
data processing function for communication data has been
divided. Furthermore, by arranging transmission pads at
positions farther from a periphery of the chip than those of
receiving pads, a situation can be easily, avoided, the situ-
ation being that, 1f the size of an external output bufler for
externally outputting a high-frequency output current is
larger than those of other external I/O buflers, the area
elliciency with respect to the arrangement of the transmis-
sion pads may become deteriorated. Still furthermore, the
length of the internal wiring between the external output
bufler for externally outputting a high-frequency output
current and a corresponding transmission pad can be easily
optimized. If the transmission pads are shifted from the lines
of the other I/O pads, hampers for the lamination of the first
semiconductor chip and the second semiconductor chip and
for the electrical connection between corresponding pads
can be easily avoided by biasing the second semiconductor
chip over the first semiconductor chip so as to keep away the
transmission pads. From these advantages, a semiconductor
device capable of handling multiple different high-fre-
quency contactless communication modes can be optimally
formed by a multi-chip structure.

[2]<Pad Coupled to Antenna>

In the arrangement described in [1], the first pads and the
second pads are ones to be used in connection with an
antenna (3) for electromagnetic wave communication.

Accordingly, the pads to be used in the connection with
the antenna for electromagnetic wave communication are
divided into transmission pads and receiving pads, and
hence 1t becomes easy to externally arrange a filtering

circuit, etc., 1n the previous stage of demodulation, and 1t
also becomes easy to externally arrange a circuit for filtering
a transmission signal, etc., 1n the subsequent stage of modu-
lation.
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[3]<Output Transistor>

In the arrangement described 1n [2], an output transistor to
be connected with the first pads has a size larger than that of
an 1nput transistor to be connected with the second pads

Accordingly, even when an output transistor, typically
having a size larger than that of an input transistor, 1s
connected with the first pads, the same operational eflects as
in Item 1 can be naturally exerted.

[4]<Mounting Second Semiconductor Chip by being
Biased>

In the arrangement described 1n [1], the second semicon-
ductor chip 1s mounted on the main surface of the first
semiconductor chip by being biased, along the first main
surface side of the first semiconductor chip, in a direction
away Ifrom the first pads.

Accordingly, an empty space 1n the surface of the first
semiconductor chip can be utilized such that the semicon-
ductor chip can be mounted thereover.

| S]<Arrangement of Second Lead Group and First Top
Surface Side Pads by being Biased, Respectively>

In the arrangement descried 1n [4], the second lead group
1s arranged, along the first upper surface side, by being
biased 1n a direction 1n which the second semiconductor chip
1s biased. The first front surface side pads are arranged,
along the first front surface side, by being biased 1n the
direction 1n which the second semiconductor chip 1s biased.

Accordingly, the length of each of the third wires that
connect the second lead group with the first front surface
pads can be made small.

[6]<Division of Secure Processing to First and Second
Semiconductor Chips 1 Accordance with Communication

Mode>

In tie arrangement described in [1], communication sig-
nals of the high-frequency contactless communication pro-
cessed by the first semiconductor chip are ones of the first to
third ASK modulation modes, the carrier frequencies of
which are equal to each other. A signal of the second ASK
modulation mode has a modulation depth lower than that of
a signal of the first ASK modulation mode, and has a
communication speed equal to that of a signal of the first
ASK modulation mode. A signal of the third ASK modula-
tion mode has a modulation depth lower than that of a signal
of the first ASK modulation mode, and has a communication
speed higher than that of a signal of the first ASK modula-
tion mode. The first semiconductor chip performs both
interface control of the high-frequency contactless commu-
nication, and as the data processing, secure processing on
received data and transmission data of the first and second
ASK modulation modes. The second semiconductor chip
performs, as the another data processing, secure processing,
on received data and transmission data of the third ASK
modulation mode.

Thereby, when a semiconductor device capable of han-
dling signals of the first to third ASK modulation modes 1s
provided, a first semiconductor chip to be newly developed
1s only required to have a function of performing both
interface control of the high-frequency contactless commu-
nication and secure processing on received data and trans-
mission data of the first and second ASK modulation modes.
An existing semiconductor chip that Performs secure pro-
cessing on received data and transmission data of the third
ASK modulation mode, if present, can be utilized as the
second semiconductor chip.
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7] <Manufacturing Method for Arranging Transmission
Pads at Positions Farther from Periphery of Chip than those
of Receiving Pads>

A method of manufacturing a semiconductor device
according to another embodiment includes the following
steps of: (a) providing a wiring board having: an upper
surface; a plurality of first bonding leads formed along a first
upper surface side of the upper surface; a plurality of second
bonding leads formed along a second upper surface side

facing to the first upper surface side of the upper surface; a
lower surface opposite to the upper surface; and a plurality
of bump lands formed on the lower surface, a shape 1n a plan
view ol the upper surface being comprised of a quadrangle;
(b) after the step (a), mounting a first semiconductor chip on
the upper surface of the wiring board, in which the first
semiconductor chip has: a main surface; a plurality of first
main surface side pads formed along a first main surface side
of the main surface; a plurality of second main surface side
pad s formed along a second main surface side facing to the
first main surface side of the main surface; and a rear surface
opposite to the main surface, and performs both interface
control of high-frequency contactless communication and
data processing of communication data, and in which the
first semiconductor chip 1s mounted such that: the rear
surface of the first semiconductor chip faces to the upper
surface of the wiring board; the first and second main surface
sides are aligned with the first and second upper surface
sides, respectively, in the plan view; and each of the first
bonding leads and the second boding leads 1s exposed from
the first semiconductor chip, a shape 1n a plan view of the
main surface being comprised of a quadrangle; (c) after the
step (b), mounting a second semiconductor chip on the main
surface of the first semiconductor chip, in which the second
semiconductor chip has: a front surface; a plurality of first
front surface side pads formed along a first front surface side
of the front surface; and a back surface opposite to the front
surface, and performs another data processing of the com-
munication data, and the second semiconductor chip being
mounted such that the back surface faces to the main surface
of the first semiconductor chip; the first front surface side 1s
aligned with the first main surface side, respectively, 1n the
plan view; and each of the first main, surface side pads and
the second main surface side pads 1s exposed, a shape 1n a
plan view of the front surface, being comprised of a quad-
rangle; and (d) after the step (c), electrically connecting: the
first main surface side pads with a first lead group of the first
bonding leads via a plurality of first wires; the second main
surface side pads with the second bonding leads via a
plurality of second wires; and the first front surface side pads
with a second lead group of the first bonding leads via a
plurality of third wires, 1n which the first main surface side
pads 1n the first semiconductor chip include both a plurality
of first pads each for externally outputting a high-frequency
transmission current signal and a plurality of second pads
cach for inputting a high-frequency receiving current signal
from the outside. The first pads are arranged closer to the
second main surface side than the other pads of the first main
surface side pads.

According to the aforementioned manufacturing method,
the transmission pads are arranged at positions farther from
a periphery of the chip than those of the receiving pads 1n a
first semiconductor chip used therein, and hence a restriction
can be easily avoided, the restriction being that, 1f the size
of an external output bufler for externally outputting a
high-frequency output current 1s larger than those of other
external I/O bullers, the area efliciency with respect to the
arrangement of the transmission pads may become deterio-
rated. Further, the length of the internal wiring between the
external output buller for externally outputting a high-
frequency output current and a corresponding transmission
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pad can be easily optimized. Thereby, if the transmission
pads are shifted from the lines of the other I/O pads, hampers
for the lamination of the first semiconductor chip and the
second semiconductor chip for the electrical connection
between corresponding pads can be easily avoided by bias-
ing the second semiconductor chip over the first semicon-
ductor chip so as to keep away the transmission pads.
Further, because a data processing function for communi-
cation data 1s divided to both the first semiconductor chip
and the second semiconductor chip, the sizes thereof are not
extremely different from each other. Furthermore, because
of the division of the data processing function, an existing
semiconductor chip for data processing, which has been
used 1n secure processing 1n a single contactless communi-
cation mode, can be utilized as the second semiconductor
chip, which 1s one of the two semiconductor chips to which
the data processing function for communication data has
been divided. Accordingly, a semiconductor device capable
of handling multiple different high-frequency contactless
communication modes can be manufactured by a multi-chup

structure, with a small size and at low cost.
[8]<Pad Coupled to Antenna>

In the manufacturing method described 1n [7], the first
pads and the second pads are ones to be used 1n connection
with an antenna for electromagnetic wave communication.

Thereby, 1t becomes easy to externally arrange a circuit
for filtering a received signal, etc., in the previous stage of
demodulation, and 1t also becomes easy to externally
arrange a circuit for filtering a transmission signal, etc., 1n
the subsequent stage of modulation.

[9]<Output Transistor>

In the arrangement described 1n [8], an output transistor to
be connected with the first pads has a size larger than that of
an 1put transistor to be connected with the second pads.

Thereby, even when an output transistor, typically having
s1ze larger than that of an input transistor, 1s connected with
the first pads, the same operational effects as i Item 7 can
be naturally exerted.

[10]<Mounting Second Semiconductor Chip by being
Biased>

In the step (¢) 1n the manufacturing method described in
[ 7], the second semiconductor chip 1s mounted on the main
surface of the first semiconductor chip by being biased,
along the first main surface side of the first semiconductor
chip, 1n a direction away from the first pads.

Thereby, an empty space in the surface of the first
semiconductor chip can be utilized such that the second
semiconductor chip can be mounted thereover.
[11]<<Arrangement of Second Lead Group and First Top
Surface Side Pads by being Biased, Respectively>

In the arrangement described [10], 1n the second lead
group are arranged, along the first upper surface side, by
being biased 1n a direction 1 which the second semicon-
ductor chip 1s biased. The first front surface side pads are
arranged, along the first front surface side, by being biased
in the direction in which the second semiconductor chip 1s
biased.

Thereby, the length of each of the third wires that connect
the second lead group with the first front surface pads can be
made small.

[12]<Davision of Secure Processing to First and Second
Semiconductor Chips 1 Accordance with Communication
Mode>

In the manufacturing method described 1n [7], communi-
cation signals of the high-frequency contactless communi-
cation to be processed by the first semiconductor chip are
ones of the first to third ASK modulation modes, the carrier
frequencies of which are equal to each other. A signal of the
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second ASK modulation mode has a modulation depth lower
than that of a signal of the first ASK modulation mode, and
has a communication speed equal to that of a signal of the
first ASK modulation mode. A signal of the third ASK
modulation mode has a modulation depth lower than that of
a signal of the first ASK modulation mode, and has a
communication speed higher than that of a signal of the first
ASK modulation mode. The first semiconductor chip per-
forms both determination of the modulation mode of a
received signal, and as the data processing, secure process-
ing on received data and transmission data of the first and
second ASK modulation modes. The second semiconductor
chip performs, as the another data processing, secure pro-
cessing on received data and transmission data of the third
ASK modulation mode.

Thereby, when a semiconductor device capable of han-
dling signals of the first to third ASK modulation modes 1s
provided, an existing semiconductor chip that performs
secure processing on receirve data and transmission data of
the third ASK modulation mode, 1f present, can be utilized
as the second semiconductor chip.

[13] <Arrangement of Transmission Pads at Positions Far-
ther from Periphery of Chip than those of Receiving Pads>

A semiconductor device according to still another
embodiment includes: a wiring board having a plurality of
bonding leads along one periphery thereof; and a first
semiconductor chip that has a plurality of pads along one
periphery adjacent to the one periphery of the wiring board,
and that 1s mounted on the wiring board such that each of the
bonding leads 1s exposed, and that performs both interface
control of high-frequency contactless communication and
data processing of communication data. The semiconductor
device further includes a second semiconductor chip that has
a plurality of pads along one periphery adjacent one periph-
ery of the first semiconductor chip, and that 1s mounted on
the first semiconductor chip such that each of the pads in the
first semiconductor chip 1s exposed, and that performs
another data processing of the communication data. The
pads 1n the first semiconductor chip and a first lead group of
the bonding leads are electrically connected by a plurality of
first wires, respectively. The pads in the second semicon-
ductor chip and a second lead group of the bonding leads are
clectrically connected by a plurality of second wires, respec-
tively. The pads 1n the first semiconductor chip include a
plurality of first pads each for externally outputting a high-
frequency transmission current signal and plurality of sec-
ond pads each for mputting a high-frequency receiving
current signal from the outside. Of the pads in the first
semiconductor chip, the first pads are arranged at positioned
farther from the one periphery of the first semiconductor
chip than those of the other pads. The second semiconductor
chip 1s mounted on the first semiconductor chip by being

1ased, along the one periphery of the first semiconductor
chip, 1n a direction away from the first pads.

Thereby, the same operational efiects as 1n Items 1 and 4
can be exerted.

[14]<Arrangement of Second Lead Group and First Top
Surface Side Pads by being Biased, Respectively>

In the arrangement described i [13], the second lead
group are arranged, along the one periphery of the wiring
board, by being biased 1 a direction 1n which the second
semiconductor chip 1s biased. The pads 1n the second
semiconductor chip are arranged, along the one periphery,
by being biased 1n the direction 1n which the second semi-
conductor chip 1s biased.

Thereby, the same operational ¢
exerted.

Tects as 1n Item 5 can be
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[15]<Davision of Secure Processing to First and Second
Semiconductor Chips 1 Accordance with Communication
Mode>

In the arrangement described in [13], communication
signals of the high-frequency contactless communication to
be processed by the first: semiconductor chip arc ones of the
first to third ASK modulation modes, the carnier frequencies
of which are equal to each other. A signal of the second ASK
modulation mode has a modulation depth lower than that of
a signal of the first ASK modulation mode, and has a
communication speed equal to that of a signal of the first
ASK modulation mode. A signal of the third ASK modula-
tion mode has a modulation depth lower than that of a signal
of the first ASK modulation mode, and has a communication
speed higher than that of a signal of the first ASK modula-
tion mode. The first semiconductor chip performs both
determination of the modulation mode of a received signal,
and as the data processing, secure processing on received
data and transmission data of the first and second ASK
modulation modes. The second semiconductor chip per-
forms, as the another data processing, secure processing on
rece1ved data and transmission data of the third ASK modu-
lation mode.

Thereby, the same operational
exerted.

effects as 1n Item 6 can be

2. Detail of Embodiments

Embodiments will be turther described 1n detal.
<<High-Frequency Contactless Communication System>>>

FIG. 1 1llustrates a high-frequency contactless communi-
cation system to which a semiconductor device according to
an embodiment has been applied.

The high-frequency contactless communication system
illustrated 1n the view can be applied to contactless IC cards,
and mobile communication terminals in each of which a
contactless IC card function 1s mounted, such as mobile
phones. This high-frequency contactless communication,
system 1ncludes, for example, a semiconductor device 1, an
external circuit 2, and an antenna 3.

The antenna 3 has a coil 10 and a capacitor 11 to form an
L.C resonant circuit.

The external circuit 2 has an external demodulation circuit
12 and an external modulation circuit 13. Each of the
external demodulation circuit 12 and the external modula-
tion circuit 13 can also be formed by a hybrid circuit, not
being limited to a monolithic circuit. The external demodu-
lation circuit 12 1s formed by a band-pass filter and a
low-pass filter, etc., which are used for removing a high-
frequency noise generated by competition between a noise
generated from another device and an antenna, etc. The
external modulation circuit 13 1s formed by a band-pass
filter and a low-pass filter, etc., which are used for removing
a high-frequency noise generated from another device.

The semiconductor device 1 i1s one provided with both a
high-frequency contactless interface function, by which
cach of three types of high-frequency contactless commu-
nication, for example, the aforementioned Type A, Type B,
and Type C, can be handled, and a data processing function
for communication data. In the present embodiment, the
carrier frequencies of the communication modes of Type A,
Type B, and Type C are the same as each other and are 13.56

MHz. The modulation modes of received signals are ASK
100% 1n Type A, ASK 10% 1n Type B, and ASK 10% 1n Type
C. The communication speeds 1s 106 kbps 1n Type A and
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Type B, and 212 kbps in Type C; and the bit coding of
transmission/received signals are defined 1n accordance with
the respective specifications.

The detailed device structure of this semiconductor device
1 will be described later, but the semiconductor device 1 1s
formed, for example, as a device having a SIP (System In
Package) form in which two semiconductor chips, as mono-
lithic semiconductor integrated circuits, are superimposed
together to be mounted on a wiring board. Of the mounted
semiconductor chips, the semiconductor chip located on the
lower side 1s a first semiconductor chip that performs both
interface control of high-frequency contactless communica-
tion and data processing of communication data, and 1s, for
example, an RF chip 100 illustrated in FIG. 1. The semi-
conductor chip located on the upper side 1s a second semi-
conductor chip that performs another data processing of the
communication data, and 1s, for example, a security chip 200
illustrated therein.

The RF chip 100 1s not particularly limited, but has a
demodulation circuit 110, a modulation circuit 111, and a
contactless control circuit 112, which are used for perform-
ing interface control of the respective high-frequency con-
tactless communication of the aforementioned Type A, Type
B, and Type C. The contactless control circuit 112 1is
connected with an internal bus 108, In order to perform
security processing on communication date, the RF chip 100
has a Central Processing Unit (CPU) for executing programs
and an encoding/decoding circuit 102 as an accelerator for
the CPU 101, both of which are respectively connected with
the internal bus 108. The RF chip 100 further has: a ROM
103 for storing the programs to be executed by the CPU 101;
a RAM 104 to be used as a work area for the CPU 101; and
an EEPROM 105 that can be electrically rewritten and 1S
used for holding a parameter table, etc. The RF chip 100
turther has: a communication control circuit to be used 1n the
interface with the securnity chip 200, etc., which 1s, for
example, a UART (Umversal Asynchronous Receiver/
Transmitter) 106 for performing, with the security chup 200,
half-duplex asynchronous communication interface compli-
ant with, for example, the ISO/IEC 7816-3 standards, the
UART being connected with the internal bus 108. The
component 107 represents a power supply circuit for the RF
chip.

The power supply circuit 107 1s connected with the
antenna 3 via external terminals Trl and Tr2 of the RF chip
100 and via external terminals Td1l and Td2 of the semi-
conductor device 1, so that a DC voltage, which 1s to be used
as the operating power for the RF chip 100, 1s generated with
the voltage, generated between both ends of the antenna 3,
being rectified.

The mput terminals of the demodulation circuit 110 are
connected with the output terminals of the external demodu-
lation circuit 12 via external terminals Tr3 and Tr4 of the RF
chip 100 and via external terminals Td3 and Td4 of the
semiconductor device 1. The demodulation circuit 110
demodulates a signal that has been modulated into an
clectromagnetic wave received by the antenna 3, for
example, a high-frequency voltage signal generated between
both the ends of the antenna 3. The demodulation circuit 110
performs, 1n parallel, low-speed demodulation correspond-
ing to Type A and Type B and high-speed demodulation
corresponding to Type C to provide a demodulated signal to
the contactless control circuit 112.

When a demodulated signal provided from the demodu-
lation circuit 110 1s a demodulated signal of ASK 100%, the
contactless control circuit 112 determines that this signal 1s
a received signal of Type A. The circuit 112 then requires the
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CPU, etc., to perform necessary data processing, such as
decoding and security processing, on the received signal of
Type A. When a demodulated signal provided from the
demodulation circuit 110 1s not a demodulated signal of
ASK 100%, the contactless control circuit 112 determines
whether the pulse width of “0” attached to the head of the
demodulated signal 1s long or short; and when it 1s long, the
contactless control circuit 112 determines the demodulated
signal to be a signal of Type B by recognizing that the pulse
width of the value “0” 1s an SOF (Start of Frame) of Type
B, and then requires the CPU 101, etc., to perform necessary
data processing, such as decoding and security processing,
on the received signal of Type B. When the pulse width
thereot 1s short, the contactless control circuit 112 deter-
mines the demodulated signal to be a signal of Type C by
recognizing that the pulse width of the value “0” 1s a
Preamble of Type C, and then requires the CPU 101, etc., to
perform the processing for transierring the received signal of
Type C to the security chip 200. That 1s, the security
processing on a received data of Type C 1s ledt to the security
chuip 200. A method of determiming a recerved signal to be
a signal of Type A, Type B or Type C 1s described 1n detail
in Patent Document 1. The decoding of a received signal of
Type A or Type B may be performed by the CPU 101, or by
the contactless control circuit 112. The security processing,
on decoded received data may be performed by providing
the received data to the encoding/decoding circuit 102 in
accordance with the control of the CPU 101.

The output terminals of the modulation circuit 111 are
connected with the mput terminals of the external modula-
tion circuit 13 via external terminates TrS and Tr6 of the RF
chip 100 and via external terminals TdS and Tdé of the
semiconductor device 1. The modulation circuit 111 receives
transmission data, which has been encoded by the encoding/
decoding circuit 102 1n accordance with the control of the
CPU 101 and encoded by the contactless control circuit 112
in accordance with the signal type of the transmission signal,
and modulates the data with a modulation depth 1n accor-
dance with the signal type. The antenna 3 i1s driven by the
modulated transmission signal outputted from the external
terminals Tr5 and Tr6, so that a modulated signal 1s trans-
mitted from the antenna 3 as an electromagnetic wave.

As a communication control circuit to be used in the
interface with the RF chip 100, etc., the security chip 200 has
a UART 206 for performing, with the RF chip, halt-duplex
asynchronous communication interface compliant with, for
example, the ISO/IEC 7816-3 standards. The UART 206 1s
connected with an mternal bus 208, and a Central Processing
Unit (CPU) 201 for executing programs to perform security
processing on communication data of Type C, an encoding/
decoding circuit 202 as an accelerator for the CPU 201, a
ROM 203 for storing the programs executed by the CPU
201, etc., a RAM 204 to be used as a work area for the CPU
201, and an EEPROM 205 that can be e¢lectrically rewritten
and 1s used for holding a parameter table, etc., are connected
with the internal bus 208. The component 207 represents a
power supply circuit for the security chip 200.

The security chip 200 exchanges communication data of
Type C with the RF chip 100 by using the UART 106. In
order to maintain the confidentiality of communication data,
the commumnication data exchanged between the RF chip 100
and the security chip 200 are encoded. That 1s, 1n the case of
transmission data, the UART 206 transfers data that has been
encoded by the encoding/decoding circuit 202 to the UART
106 1n the FR chip 100. In the case of received data, the
UART 206 receives unencoded receiving data of Type C
from the UART 106 in the RF chip 100. The UART 206 and
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106 are not particularly limited, but herein, are respectively
defined to be capable of performing asynchronous data
communication of 1 bit. Ts7 and Ts8 represent external
interface terminals of the UART 206 in the security chip
200, and Tr7 and Tr8 represent external interface terminals
of the UART 106 in the RF chip 100.

Upon receiving received data of Type C from the RF chip
100 via the UART 206, the CPU 201 makes the encoding/
decoding circuit 202 perform, on the recerved data, decoding
processing 1n accordance with a predetermined encoding/
decoding algorithm. When transmitting data of Type C, the
CPU 201 encodes the transmission data by the encoding/
decoding circuit 202, and then provides the data to the RF
chip 100 via the UART 206, along with a transmission
command of Type C. For example, 1n response to an
interrupt request for a communication command of Type C,
the CPU 101 1n the RF chip 100 performs control in which
the transmission data 1s encoded for Type C by the contact-
less control circuit 112 and 1s modulated by the modulation
circuit 112, thereafter the data 1s transmitted.

The power supply circuit 107 1s not particularly limited,
but generates operating power by using a power supply
voltage to be supplied from external output power terminals

119 and Tr10 of the RF chip 100 to power terminals Ts9 and
Ts10 of the security chuip 200. When a high-frequency
contactless communication system 1s provided with a battery
power supply, the power supply circuit 107 in the RF chip
100 and the power supply circuit 207 1n the security chip 200
may use the battery power supply as operating power.

As stated above, as the semiconductor device 1 to be used
in a high-frequency contactless communication system
capable of handling each of Type A, Type B, and Type C, the
RF, chip 100 1s assigned with secure processing on data of
Type A and Type B and the security chip 200 1s assigned
with secure processing on data of Type C, and thus a secure
data processing function for communication data 1s divided
to both the chips 1n accordance with a communication mode.
<<Semiconductor Device>>

Subsequently, the structure of the semiconductor device 1
according to one embodiment 1llustrated m FIG. 1, will be
described. FIG. 2 1s a plan view illustrating the upper surface
side of the semiconductor device 1 according to the present
embodiment, FIG. 3 1s a plan view 1illustrating the lower
surface side of the semiconductor device 1 1n FIG. 2, FIG.
4 1s a plan view 1illustrating the upper surface side of the
semiconductor device 1 illustrated 1n FIG. 2, from which a
sealing body has been removed, FIG. 5 1s a sectional view,
taken along A-A' Line i FIG. 4, and FIG. 6 1s a sectional
view, taken along B-B' Line i FIG. 4.

In the semiconductor device 1 according to the present
embodiment, a wiring board 300 1s used as a substrate. As
illustrated 1 FIG. 4 to FIG. 6, the RF chip 100 and the
security chip 200, as a plurality of semiconductor chips, are
mounted (laminated) on the upper surface (chip mounting
surface) of the wiring board 300 via an adhesive (die bond
material) 350. On the other hand, a plurality of solder balls
(solder materials) 301, which serve as external terminals, are
formed on the lower surface (packaging surface) of the
wiring board 300, as illustrated in FIGS. 3, 5, and 6.
Thereby, the semiconductor device 1 1s formed as a so-called
multi-chip BGA (Ball Grid Array). The present embodiment
includes, as one example, the structure corresponding to
FIG. 1, 1n which the RF chip 100 and the security chip 200
are mounted on the wiring board 300 as, two types of
semiconductor chips.

As 1llustrated in FIGS. 4 to 6, of the RF chip 100 and the

security chip 200, a semiconductor chip whose outer size 1s
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larger than that of the other 1s arranged on the lower side and
the other semiconductor chip whose outer size 1s smaller 1s
arranged on the upper side, mn the present embodiment.
Specifically, the RF chip 1s arranged on the lower side and
the security chip 200 1s arranged on the upper side.

In addition, as illustrated in FIGS. 4 to 6, each of the
semiconductor chips 100 and 200 1s mounted 1n such a way
that main surface (circuit-forming surface) thereof, on which
non-illustrated semiconductor circuits (semiconductor ele-
ment, transistor, etc.) are formed, 1s oriented upward; in
other words, a rear surface thereof opposite to the main
surface faces to the upper surface of the board. Each of the
semiconductor chips 100 and 200 1s electrically connected
with the wiring board via a plurality of conductive members
411 and 412. The conductive members 411 and 412 accord-
ing to the present embodiment are, for example, wires.

Further, as illustrated in FIGS. 1, 5 and 6, the upper
surface of each of the semiconductor chips 100 and 200, the
conductive members 411 and 412, and the wiring board 300
1s covered with a sealing body 500, in the present embodi-
ment. Appropriate marks 502, such as a product name, are
provided to a marked area 501 over part of a surface (upper
surface) of the sealing body 500. The provision of the mark
502 can be made by, for example, laser beam emission, and
concave mark traces are formed on the surface of the mark
502, as illustrated 1n FIGS. 5 and 6.
<<Substrate (Wiring Board, Interposer Substrate)>>

Subsequently, the wiring board 300, an example of the
substrate (wiring board, interposer substrate), will be
described.

FI1G. 7 1s a plan view 1illustrating the upper surface side of
the wiring board 300, FIG. 8 1s a plan view 1llustrating the
lower surface side of the wiring board 300 illustrated in FIG.
7, F1G. 9 15 a sectional view, taken along A-A' Line in FIG.
7, and FIG. 10 1s a sectional view, taken along B-B' Line 1n

FIG. 7.

As 1llustrated in FIGS. 9 and 10, the wiring board 300, an
example of the substrate, 1s, for example, a so-called mul-
tilayer wiring board 1in which a wiring layer formed on each
of the front surface and rear surface of an insulating layer
(core layer). The insulating layer according to the present
embodiment 1s comprised, for example, of a resin including
a glass fiber. The number of the wiring layers of the wiring
board 1s not limited to 2, but may be as larger as 4, or 6. In
this case, another msulating layer 1s arranged between two
wiring layers.

As 1llustrated 1n FIGS. 4, and 7, etc., the shape 1n a plan
view of the upper surface (chip mounting surface) 313 of the
wiring board 300 1s comprised of quadrangle. In detailed
description, the upper surface has first side (first upper
surface side, located near to the upper side 1 FIG. 7) 311;
a second side (second upper surface side, located near to the
lower side 1n FIG. 7) 312 that faces to the first side; third side
(third upper surface side, located near to the left side i FIG.
7) 313 that intersects with the first side and the second side;
and a fourth side (fourth upper surface side, located near to
the right side in FIG. 7) 314 that faces to the third side.

The wiring layer formed on the surface (top layer, first
layer) of the mnsulating layer 1in the wiring board 300 has a
plurality of electrode pads (bonding leads) 321A, 321B,
321C, 321D, and 322 that are electrically connected, with
the semiconductor chips 100 and 200 via conductive mem-
bers, respectively. An electrode pad according to the present
embodiment, which 1s represented by the bonding leads
321A, 321B, 321C, 321D, and 322, 1s, comprised, for
example, of copper (Cu). In detailed description, as 1llus-
trated i FIGS. 4 and 7, the aforementioned wiring layer

10

15

20

25

30

35

40

45

50

55

60

65

16

according to the embodiment has a plurality of bonding
leads (first bonding leads) 321A, 321B, 321C, and 321D that
are Tormed along the first side (first upper surface side) 311
of the upper surface (chip mounting surface) of the substrate.
The wiring layer further has a plurality of bonding leads
(second bonding leads) 322 that are formed (arranged) along
the second side (second upper surface side) 312 that faces to
the first side. A non-illustrated metal layer (plated film) 1s
formed on the surface of each of the electrode pads (bonding
leads) 321A, 321B, 321C, 3321D, and 322. In the embodi-
ment, the metal layer 1s a laminated film 1n which, for
example, gold (Au) 1s formed on nickel (N1).

As 1illustrated in FIGS. 3 and 8, the shape 1n a plan view
of the lower surtace (packaging surtace) of the wiring board
300 1s also comprised of a quadrangle. In detailed descrip-
tion, the lower surface has: a first side (first lower surface
side, located on upper side in FIG. 8) 331; a second side
(second lower surface side, located on the lower side 1n FIG.
8) 332 that faces to the first side (first lower surface side); a
third side (third lower surface side, located on the right side
in FIG. 8) 333 that intersects with the first side and the
second side; and a fourth side (fourth lower surface side,
located on the left side 1n FIG. 8) 334 that faces to the third
side. The wiring layer formed on the rear surface (bottom
layer, second layer) of the insulating layer has a plurality of
clectrode pads (bump lands) 302 in (to) which external
terminals are formed (connected). The aforementioned
external terminals Tdl, Td2, Td3, Td4, TdS, and Tdé (see
FIG. 1) are part of these electrode pads (bump lands) 302. In
detailed description with respect to these electrode pads 302,
as 1llustrated in FIGS. 3 and 8, the electrode pads 302
according to the present embodiment are arranged (formed)
along each of the sides (first, second, third, and fourth sides).
In other words, the electrode pads 302 are arranged, 1n a plan
view, 1n a matrix pattern. The electrode pads 302 according
to the embodiment are comprised, for example, of Cu. A
non-illustrated metal layer (plated film) 1s formed on the
surface of each of the electrode pads (bump lands) 302. In
the embodiment, the metal layer 1s a laminated film in
which, for example, Au 1s formed on Ni.

The electrode pads (bonding leads) 321A, 3321B, 321C,
3321D, and 322 that are formed on the upper surface are
clectrically connected with the electrode pads (bump lands)
302 formed on the lower surface, respectively, via non-
illustrated wirings formed on each of the upper surface and
lower surface (wiring patterns on the upper surface side,
wiring patterns on the lower surface side) and via wirings
(via wirings) formed inside non-illustrated holes (vias) that
are formed to be oriented from one of the upper surface and
the lower surface toward the other of the two.

The upper surface of the wiring board 300 1s covered with
a non-1llustrated nsulating film (solder resist film) such that
cach, of the electrode pads (bonding leads) 321A, 3321B,
321C, 321D, and 322 1s exposed. On the other hand, the
lower surface of the wiring board 300 1s also covered with
a non-1llustrated isulating film (solder resist film) such that
cach of the electrode pads (bump lands) 302 1s exposed.
<<RF Chip>>

Subsequently, the RF chip 100 will be described. FIG. 11
1s a plan view 1illustrating the upper surface of the RF chip
100.

As 1llustrated 1n FIGS. 4 and 11, the RF chip 100 has: a
main surface (front surface, circuit-forming surface) 125
having a shape in a plan view being comprised of a quad-
rangle; a plurality of electrode pads (bonding pads) 131A,
131B, 131C, and 132 that are formed on the main surface;:

and a rear surface (back surface) opposite to the main
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surface. In detailed description, the main surface (iront
surface, circuit-forming surface) 1235 has: a first side (first
main surface side, located on the upper side in FI1G. 11) 121;
a second side (second main surface side, located on the
lower side 1n FIG. 11) 122 that faces to the first side; a third
side (third main surface side, located on the left side in FIG.
11) 123 that intersects with the first side and the second side;
and a fourth side (fourth main surface side, located on the
right side 1 FIG. 11) 124 that faces to the third side.

It 1s needless to say that, as stated above, a demodulation
circuit for converting a signal (analog signal), which has
been mputted (received) from the outside, into another
signal (digital signal), a modulation circuit for converting a
signal (digital signal), which 1s to be externally outputted
(transmitted), into another signal (analog signal), the CPU
101, and the UART 106, etc., are formed 1n the RF chip 100.

In addition, as illustrated in FIG. 11, the electrode pads

(bonding pads) 131A, 131B, 131C, and 132, which are

formed on the main surface (front surface, circuit-forming
surface) of the semiconductor chip, are broadly divided nto:
the electrode pads (first main surface side pads) 131A, 131B,
and 131C that are formed along the first side (first main
surface side) 121 of the main, surface 125; and the electrode
pads (second main surface side pads) 132 that are formed
along the second side (second main surface side) 122 that
faces to the first side. In other words, the RF chip 100
according to the present embodiment has a so-called two-
side pad structure 1n which no electrode pad 1s formed along
a side other than the aforementioned two sides (first main
surface side, second main surface side) 121 and 122.
Herein, the structure of the RF chip 100 will be described
in detail. In the RF chip 100, on the upper surface of the

semiconductor substrate comprised, for example, of silicon
(S1), a MISFET (Metal Insulator Semiconductor Field Effect

Transistor) or a MOSFET (Metal Oxide Semiconductor
Field Effect Transistor), etc., 1s formed, and a plurality of
wiring layers and a plurality of insulating layers are alter-
nately laminated over the upper surface of the semiconduc-
tor substrate. Part of the wirings formed on the top layer of
the wiring layers are equivalent to the aforementioned

clectrode pads (bonding pads) 131A, 131B, 131C, and 132.
In the present embodiment, the surface, on which these
clectrode pads (bonding pads) 131A, 131B, 131C, and 132
are formed, 1s referred to as the main surface (front surface,
circuit-forming surface) 1235.

The electrode pads (first main surface side pads) 131A are
a plurality of electrode pads (first pads, transmaission pads)
for externally outputting transmission signals (analog sig-
nal) according to contactless communication via the antenna
3, the electrode pads 131A being equivalent to the external
terminals Tr5 and 1r6 in FIG. 1.

The electrode pads (first main surface side pads) 131B are
a plurality of electrode pads (second pads, receiving pads)
for mputting (receiving) receiving signals (analog signals)
according to contactless communication from the outside via
the antenna 3, the electrode pads 131B being equivalent to
the external termmals 1r3 and Tr4 in FIG. 1.

The electrode pads (first main surface side pads) 131C
means: pads for connecting the power supply circuit 107
with the antenna 3 (equivalent to the external terminals Trl
and Tr2 1n FIG. 1); pads for connecting the power supply
circuit 107 with the security chip 200 (equivalent to the
external terminals Tr9 and 1r10 1n FIG. 1); and a plurality
of electrode pads (communication pads) for connecting the

UART 106 in the RF chip 100 with the UART 206 1n the
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security chip 200. For convenience, the first main surface
side pads 131C are 1llustrated 1n a number smaller than the
real number.

The electrode pads (second main surface side pads) 132
means the external I/O terminals of IO ports and clock input
terminals, which are not 1llustrated in FIG. 1.

As 1llustrated 1n FIGS. 4 and 11, the electrode pads (first
pads, transmission pads) 131 A, which are arranged along the
first side (first main surface side) 121, are arranged closer to
the second side (second main surface side) 122 than the
other pads (first main surface side pads excluding the first
pads) 131B and 131C, in the present embodiment. In other
words, the arrangement line of the electrode pads (first pads,
transmission pads) 131A 1s different from (is not on the same
line as) that of the other pads (first main surface side pads
excluding the first pads) 131B and 131C. Further, in other
words, the electrode pads (first pads, communication pads)
131A are arranged, 1n a plan view, between the other pads
(first main surface side pads excluding the first pads) 131B
and 131C and the electrode pads (second main surface side
pads) 132. That 1s, the electrode pads (first main surface side
pads) 131A, 1313, and 131C are formed (arranged) across a
plurality of lines (two lines in the present embodiment) that
are located along the first side (first main surface side) 121;
while the electrode pads (second main surface side pads)
132 are formed (arranged) 1n a single line that 1s located
along the second side (second main surface side) 122. In
further detailed description, the electrode pads (first pads,
communication pads) 131A are located near to the fourth
side (on the right side 1 FIG. 11) 124 with respect to the
center line (virtual line) LCv, which passes through the
center point at which the first side (first main surface side)
121 1s bisected, 1n the present embodiment. In addition, the
clectrode pads 131A are located near to the first side (on the
upper side m FIG. 11) 121 with respect to the center line
(virtual line) LCh, which passes through the center point at
which the third side (third main surface side) 123 1s bisected.

The reasons why the aforementioned transmission pads
131A are arranged 1n a line farther from the first side 121
than those of the receiving pads 131 and the other electrode
pads 131C are as follows: That 1s, the driving ability of the
transmission builer that outputs a transmission signal for
driving the antenna 3 1s larger than that of a serial output
bufler for the UART 106 and that of the output bufler for the
other I/O ports, and further the size of the driving output
transistor 1s dramatically smaller than that of the input bufler
transistor for the receiving put bufler or the other input
buflers. A transistor having a large size 1s formed by con-
necting a plurality of elemental transistors 1n parallel and
cach of the elemental transistors i1s provided with an ESD
protection circuit. Therefore, the size of the transmission
bufler to be connected with the aforementioned transmission
pads 131A becomes large, because the output transistor 1s
large 1n si1ze and accordingly the ESD protection circuit also
becomes large 1in size. Accordingly, when such a transmis-
sion buller 1s formed by being arranged 1n the same I/O cell
region as the array of the external IO interface circuits of the
other I/0 circuits, there may be a restriction 1n terms of area,
or there 1s the fear that the wiring between the transmission
bufler circuit and the transmission pad becomes larger than
1s necessary. In order to avoid this, a region where the
transmission pads are formed 1s assigned to a circuit region
141, which 1s larger than an I/O cell region 140 for the
external 1/0 interface circuits to be connected with the pads
131B and 131C, as illustrated in FIG. 11. Thereby, 1t has
been made that a situation, in which the area efliciency with
respect to the arrangement of the transmission pads 131 A
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may become deteriorated, can be avoided. Further, it has
been made that the length of the internal wiring between the
external output bufler for externally outputting a high-
frequency output current and a corresponding transmission
pad can be easily optimized.

<<Security Chip>>

Subsequently, the security chip 200 will be described.
FIG. 12 1s a plan view 1illustrating the upper surface of the
security chip 200.

As 1illustrated 1n FIGS. 4 and 12, the security chip 200
according to the present embodiment has: a front surface
(main surface, circuit-forming surface) 2135 having a shape
in a plan view being comprised of a quadrangle; a plurality
of electrode pads (bonding pads) 231 formed on the front
surface; and a back surface (rear surface) opposite to the
front surface. In detailed description, the front surface (main
surface, circuit-forming surface) has: a first side (first main
surface side, located on the upper side 1n FIG. 12) 221; a

second side (second front surface side, located on the lower

side 1n FIG. 12) 222 that faces to the first side (first front
surface side) 221, a third side (third front surface side,
located on the left side i FIG. 12) 223 that intersects with
the first side and the second side; and a fourth side (fourth
front surface side, located on the right side 1n FIG. 12) 224
that faces to the third side.

It 1s needless to say that, as stated above, the CPU 210 and
the UART 206, etc., are formed 1n the security chip 200.

As 1llustrated i FIG. 12, a plurality of electrode pads
(bonding pads) 231 formed on the front surface (main
surface, circuit-forming surface) of the security chip 200 are
formed (arranged) along the first side (first front surface
side) 221 of the main surface. In other words, the security
chip 200 according to the embodiment has a so-called
single-side pad structure in which no electrode pad 1s formed
along a side other than the aforementioned one side (first
front surface side) 221.

Herein, the structure of the security chip 200 will be
described 1n detail. In the security chip 200, on the upper
surface of the semiconductor substrate comprised, for
example, of S1, a MISFET (Metal Insulator Semiconductor
Field Effect Transistor) or a MOSFET (Metal Oxide Semi-
conductor Field Effect Transistor) etc., 1s formed, and a
plurality of wiring layers and a plurality of insulating layers
are alternately laminated on the upper surface of the semi-
conductor substrate. Part of the wirings formed on the top
layer of the wiring layers are equivalent to the aforemen-
tioned electrode pads (bonding pads) 231. In the present
embodiment, the surface, on which the electrode pads
(bonding pads) 231 are formed, 1s referred to as the front
surface (main surface, circuit-forming surface) 215.

The electrode pads (first front surface side pads) 231 are
assigned to both a plurality of communication pads (corre-
spond to the external terminals Ts7 and Ts8 FIG. 1) for
inputting/outputting signals (digital signals) between the
security chip 200 and the RF chip 100, and a plurality of
power supply pads (correspond to Ts9 and Ts10 in FIG. 1)
for inputting (recerving) power from the outside. The elec-
trode pads (communication pads, power supply pads) 231
are located near to, the third side (on the left side 1n FI1G. 12)
223 with respect to the center line (virtual line) LCv, which
passes through the center point at which the first side (first
front surface side) 221 is bisected. In addition, the electrode
pads 231 are located near to the first side (on the upper side
in FIG. 12) 221 with respect to the center line (virtual line)
LCh, which passes through the center point at which the
third side (third front surface side) 223 is bisected.
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<<Steps for Manufacturing Semiconductor Device>>

Steps for manufacturing the semiconductor device 1 1llus-
trated 1n FIGS. 1 to 6 will be described.

A method of manufacturing the semiconductor device 1
mainly mcludes: 1) substrate provision step, 2) chip mount-
ing (die-bonding) step, 3) wire bonding step, 4) molding
step, 5) ball mounting step, 6) cutting (dicing) step, 7)
marking step, and 8) inspection step.

1) Substrate Provision Step

FIG. 13 1s a top view 1llustrating the whole structure of a
substrate (wiring board, interposer board), FIG. 14 1s a view
illustrating the lower surface of the substrate 1n FIG. 13,
FIG. 15 1s a sectional view, taken along A-A' Line in FIG.
13, and FIG. 16 1s a sectional view, taken along B-B' Line
in FIG. 13.

A base matenial (wiring board) 400, as 1llustrated 1n FIGS.
13 to 16, 1s provided as a provision step of a substrate. As
illustrated 1n FIGS. 13 to 16, the base material 400 to be used
in the present embodiment has: a plurality of device regions
(package forming regions) 401; and a dicing region 402 that
1s located, of the device regions, between two device regions
adjacent to each other, 1n other words, that 1s located around
cach device region. The base material 400 1s a so-called
multi-piece substrate. In the present embodiment, the device
regions are arranged in a matrix pattern, as illustrated in
FIGS. 13 and 16.

The wiring board 400 1s made by dividing the base
maternial into each device region 401 with dicing, and as
stated above, the shape of the device region 401 1n a plan
view 1s comprised of a quadrangle (having the first side,
second side, third side, and fourth side) and the electrode
pads (bonding leads, bump lands) are formed on each of the
upper surface and lower surface. In the following description
of the manufacturing steps, the device region 401 has the
same meaning as that of the wiring board 300, for conve-
nience.

The following steps will be described with one device
region being extracted.

2) Chip Mounting (Die-Bonded) Step

Subsequently, a chip mounting (die-bonding) step will be
described. FIG. 17 1s a plan view 1llustrating a state in which
the RF chip 1s mounted in the device region of the base
material 1n a chip mounting step, FIG. 18 1s a sectional view,
taken along A-A' Line i FIG. 17, and FIG. 19 1s a sectional
view, taken along B-B' Line mn FIG. 17.

As 1llustrated 1n FIGS. 17 to 19, the atorementioned RF
chip 100 1s mounted on the upper surface (chip-mounting
surface) 1n each device region 401 of the base material 400
via an adhesive (die bond material). In detailed description,
the RF chip 100 1s mounted on the upper surface of the base
material (substrate) 400 via an adhesive (die bond material)
such that the rear surface (back surface) of the RF chip 100
faces to the upper surface thereof. In this case, the RF chip
100 1s mounted between the bonding leads (first bonding
leads) 321A, 321B, 321C, and 321D, which are formed
(arranged) along the first side (first upper surface side) 311,
and the bonding leads (second bonding leads) 322, which are
formed (arranged) along the second side (second upper
surface side) 312, so that the electrode pads (bonding leads)
321A, 321B, 321C, 321D, and 322, which are formed on the
upper surface of the substrate 400, are exposed from the RF
chip 100. In addition, as 1llustrated in FIGS. 4 and 17, the RF
chip 100 1s arranged such that the first side (first main
surface side) 121 of the RF chip 100, the second side (second
main surface side) 122 thereof, the third side (third main
surface side) 123 thereot, and the fourth side (fourth main
surface side) 124 thereot, are aligned with the first side (first
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upper surface side) 311 of the device region 401 on the
substrate 400, the second side (second upper surface side)
312 thereot, the third side (third upper surface side) thereof,
and the fourth side (fourth upper surface side) thereof,
respectively.

The adhesive according to the present embodiment 1s one
having, for example, a film shape, and 1s 1nsulative. How-
ever, a paste adhesive (having flmdity) may also be adopted.

FI1G. 20 1s a plan view 1illustrating a state 1n which the RF
chip and the security chip are mounted 1n the device region
in the chip mounting step, FIG. 21 1s a sectional view, taken
along A-A' Line 1n FIG. 20, and FIG. 22 1s a sectional view,
taken along B-B' Line 1n FIG. 20.

As 1illustrated in FIGS. 20 to 22, the aforementioned
security chip 200 1s then mounted on the main surface (ifront
surface, circuit-forming surface) 123 of the RF chip 100 via
an adhesive (die bond material). In detailed description, the
security chip 200 1s mounted on the main surface 125 of the
RF chip 100 via an adhesive (die bonded material) such that
the back surface (rear surtace) of the security chip 200 faces
to the main surface 125 thereof. In this case, the security
chip 200 1s mounted between the electrode pads (first main
surface side pads) 131A, 131B, and 131C, which are formed
(arranged) along the first side (first main surface side) 121,
and the electrode pads (second main surface side pads) 132,
which are formed (arranged) along the second side (second
main surface side) 122, so that the electrode pads (bonding
pads) 131A, 131B, 131C, and 132, which are formed on the
main surface of the RF chip 100 located on the lower side,
are exposed Ifrom the security chip 200. In addition, as
illustrated 1n FIGS. 4 and 20, the security chip 200 is
arranged such that the first side (first front surface side) 221
of the security chip 200, the second side (second front
surface side) 222 thereot, the third side (third front surface
side) 223 thereot, and the fourth side (fourth front surface
side) 224 thereot, are aligned with the first side (first main
surface side) 121 of the RF chip 100, the second side (second
main surface side) 122 thereot, the third side (third main
surface side) 123 thereof, and the fourth side (fourth main
surface side) 124 thereol, respectively. That 1s, the security
chip 200 1s arranged such that the first side (first front
surface side) 221 of the security chip 200, the second side
(second front surface side) 222 thereol, the third side (third
front surface side) 223 thereotf, and the fourth side (fourth
front surface side) 224 thereot, are aligned with the first side
(first upper surface side) 311 of the device region 401 on the
substrate 400, the second side (second upper surface side)
312 thereot, the third side (third upper surface side) thereof,
and the fourth side (fourth upper surface side) thereof,
respectively.

Herein, the electrode pads (first pads, transmission pads)
131A arranged along the first side (first main surface side)
121 of the RF chip 100 are arranged closer to the second side
(second main surface side) 122 than the other pads (first
main surface side pads excluding the first pads) 131B and
131C, as stated above. Accordmgly, as 1llustrated in FIG. 20,
the security chip 200 1s mounted on the RF Chlp 200 such
that the center portion of the security chip 200 1s arranged
closer to the third side (third main surface side, on the left
side 1 FIG. 11) 123 than to the fourth side (fourth main
surface side, on the right side FIG. 11) 124. In other words,
the security chip 200 1s brought near to the third side (third
main surface side, on the left side 1n FIG. 11) 123 over the
main surface of the RF chip 100. Thereby, the center portion
of the security chip 200 1s not superimposed on that of the
RF chip 100 in the present embodiment.
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The adhesive according to the present embodiment 1s one
having, for example, a film shape, and 1s 1nsulative. How-
ever, a paste adhesive (having flumidity) may also be adopted.
3) Wire Bonding Step

FIG. 23 15 a plan view 1llustrating a state 1n which the RF
chip on the lower side 1s wire bonded 1n a wire bonding step
for wire-binding the RF chip and the security chip mounted
in the device region of the base material, FIG. 24 15 a
sectional view, taken along A-A' Line 1 FIG. 23, and FIG.
235 15 a sectional view, taken along B-B' Line in FIG. 23.

As 1illustrated mn FIGS. 23 to 25, the clectrode pads
(bonding pads) 131A, 131B, 131C, and 132 of the RF chip
located on the lower side and the electrode pads (bonding
leads, first lead group) 321A, 321B, 321C, and 322 are
clectrically connected via the conductive wires 410A, 4108,
410C, and 411, respectively.

In detailed description, after parts (end potions) of the
wires 410A, 4108, 410C, and 411 are first connected with
the electrode pads (bonding pads) 131A, 131B, 131C, and
132 of the RF chip 100, the other parts of the wires 410A,
410B, 410C, and 411 are connected with the electrode pads
(bonding leads) 321A, 321B, 321C, and 322 of the substrate
401. That 1s, the wires 410A, 4108, 4100, and 411, by which
the RF chip 100 and the substrate 401 are electrically
connected together, are formed by a so-called positive
bonding pattern in present embodiment. Accordingly, as
illustrated 1n FIG. 25, the wires 410A, 4108, 410C, and 411
are formed to be approximately perpendicular to the main
surface of the RF chip 100, on the electrode pads 131A,
131B, 131C, and 132 of the RF chip 100. In addition, the
angle between the surface (surface exposed from the non-

illustrated insulating film) of the electrode pads (bonding
leads) 321A, 321B, 321C, and 322 and each of the wires

410A, 410B, 410C, and 411 1s smaller than that between the
surface (surface exposed from the non-illustrated insulating
film) of the electrode pads (bonding pads) 321A, 321B,
321C, and 322 and each of the wires 410A, 4108, 410C, and
411.

Ball portions (bumps) 420 for first bond are formed 1n
parts (end portions) of the wires 410A, 4108, 410C, and 411,
and the ball portions 420 are connected with the electrode
pads (bonding pads) 321A, 321B, 321C, and 322 of the RF
chip 100. In FIGS. 23 to 25, part of the alorementioned ball
portions 420 for the first bond are 1llustrated.

FIG. 26 1s a plan view 1llustrating a state in which the
security chip on the upper side 1s wire bonded 1n the wire
bonding step for wire bonding the RF chip and the security
chip mounted 1n the device region 401 of the base material
400, FIG. 27 1s a sectional view, taken along A-A' Line 1n
FIG. 26, and FIG. 28 1s a sectional view, taken along B-B'
Line 1 FIG. 26.

As 1illustrated i FIGS. 26 to 28, the electrode pads
(bonding pads) 231 of the security chip 200 located on the
upper side and the electrode pads (bonding leads) 1n each
device region (substrate) 401 are then connected together via
the conductive wires 412, respectively.

In detailed description, after parts (end potions) of the
wires 412 are first connected with the electrode pads (bond-
ing leads) 321D of the substrate 401, the other parts of the
wires 412 are connected with the electrode pads (bonding
leads) 231 of the security chip 200. In this case, ball portions
(bumps) 430, each of which 1s comprised of part of the wire
412, are formed 1n advance in the electrode pads 231 of the
security chip 200 1n the present embodiment, and the other
parts of the wires 412 and the electrode pads (bonding pads)
231 are electrically connected together via the ball portions
(bumps) 430. The ball portions (bumps) 420 for the first
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bond formed in the parts (end portions) of the wires 412 are
connected with the electrode pads (bonding leads) 321D of
the substrate 401. That 1s, the wires 412 that electrically
connect the security chip 200 with the substrate 401 are
formed by a so-called negative bonding pattern in the
present embodiment. Accordingly, the wires 412 are formed
to be approximately perpendicular to the upper surface of
the substrate 401, on the electrode pads 1n the substrate 401.
The angle between the surface (surface exposed from the
non-illustrated 1nsulating film) of the electrode pads (bond-
ing leads) 231 and each of the wires 412 1s larger than that
between the surface (surface exposed from the non-illus-

trated nsulating film) of the electrode pads (bonding pads)
231 and each of the wires 412.

In FIGS. 26 to 28, part of the ball portions 420 for the first
bond are illustrated.
4) Molding Step

Subsequently, a molding step will be described.

FI1G. 29 1s a plan view illustrating a state after mold array

package has been performed, FIG. 30 1s a sectional view,
taken along A-A' Line 1 FIG. 29, and FIG. 31 1s a sectional

view, taken along B-B' Line in FIG. 29.

In a molding step, the base material (multi-piece sub-
strate) 400, on which the RF chip 100 and the security chip
200 are mounted, 1s arranged in a non-illustrated molding
die. And then, as illustrated 1in FIGS. 29 to 31, the sealing
body 500 1s formed by sealing, with a resin, the RF chip 100,
the security chip 200, and the wires 410A, 4108, 410C, 411,
and 412. In this case, the semiconductor chips 100 and 200
that are arranged 1n each of the device regions 401 (or the
device regions 401) are collectively sealed by covering them
with a cavity formed 1n the non-1illustrated molding die, in
the present embodiment. Thereby, the upper surface of a
dicing region between two device regions 401 that are
adjacent to each other 1s also covered with the resin. Herein,
the resin according to the embodiment 1s, for example, an
epoxy thermosetting resin.

5) Ball Mounting Step

FIG. 32 1s a plan view 1llustrating a state after the ball
mounting step and the dicing step have been performed,
FIG. 33 1s a sectional view, taken along A-A' Line in FIG.
32, and FIG. 34 1s a sectional view, taken along B-B' Line
in FIG. 32.

Subsequently, after the substrate 400 1n which the sealing
body 500 1s formed 1s taken out from the non-illustrated
molding die, the solder balls (die bond materials) 301 are
formed (connected) 1n (to) the electrode pads (bump lands)

302 formed on the lower surface in each device region 401,
as 1llustrated in FIGS. 32 to 34.

Herein, a so-called lead-iree solder material, which 1s
comprised of an alloy including, for example, tin (Sn), silver
(Ag) and Cu, 1s used 1n the solder ball 301 according to the
present embodiment. Herein, the aforementioned lead-free
solder material means a material 1n which the content of lead
(Pb) 1s 1000 ppm (0.1 wt %) or less, based on the RoHS
(Restriction of Hazardous Substances) Directive. When a
solder material mcluding Sn 1s used, Cu 1s likely to be
dispersed, and hence the present embodiment can also be
applied to the case where a solder material including Pb 1s
used, not limited to the case of using the lead-free solder
material. However, when an antipollution measure 1s taken
into consideration, it 1s preferable to use a lead-free solder
material, as in the present embodiment.

6) Cutting (Dicing) Step

Subsequently, each device region 401 1s separated from
the base material (multi-piece substrate) 400 by cutting the
sealing body 500 therefrom. In detailed description, the
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device region 400 1n which external terminals have been
formed 1s separated from the base material (multi-piece
substrate) 400 by moving a non-illustrated dicing blade
within the aforementioned dicing region 401 of the base
material 400.
7) Marking Step

Subsequently, as illustrated 1n FIG. 2, the marks 502, such
as a product name, are formed (provided) on (in) the surface
the sealing body 500 by arranging the divided substrate 1n a
non-illustrated tray. In the present embodiment, the marks
502 are engraved on the surface of the sealing body 500 by,
for example, radiating a laser beam onto the surface thereof.
Accordingly, as illustrated 1n FIGS. 5 and 6, concave por-
tions (grooves) are formed on the surface of the sealing body
500 as traces of the marks 502.
8) Inspection Step

Subsequently, a visual mspection (visibility check) of the
formed marks 502 and an electrical test of the mounted
semiconductor chips 100 and 200, etc., are performed,
thereby allowing the semiconductor device 1 to be com-

pleted.
<<With Respect to FElectromic Device (Electronic
System )>>

The semiconductor device 1 completed in the aforemen-
tioned manufacturing steps (semiconductor device deter-
mined to be good 1s the inspection step) 1s mounted 1n a
non-illustrated mother board of, for example, a mobile
phone or an IC card, along with other circuit components, as
illustrated 1 FIG. 1, thereby allowing a high-frequency
contactless communication system to be formed.
<<Advantages by Embodiments>>

As described based on FIG. 1, etc., as the semiconductor
device 1 to be used 1 a high-frequency contactless com-
munication system capable of handling a signal of each of
Type A, Type B, and Type C, secure processing on signals
of Type A and Type B 1s assigned to the RF chip 100, and
secure processing on a signal of Type C 1s assigned to the
security chip 200. Thus, a secure data processing function
for communication data 1s divided to both the chips 1n
accordance with communication modes, and hence 1t can be
made that the sizes of the RF chip 100 and the security chip
200 are not extremely different from each other, 1n com-
parison with the case where the secure data processing
function for all the commumnication modes 1s assigned to a
security shup. Accordingly, advantages can be obtained, 1n
which the planar size of the semiconductor device 1 can be
made small and the area occupied by the device 1 to the
mother board can be reduced.

Further, by the aforementioned division of the secure data
processing function, an existing semiconductor chip for data
processing, which has been used in secure processing in a
contactless communication mode of Type C, can be utilized
as the security chip 200, which 1s one of the two semicon-
ductor chips to which the secure data processing function for
communication data has been divided.

As 1llustrated i FIG. 11, a region where the transmission
bufler circuit 1s formed 1s assigned to the circuit region 141
larger than the 1/O cell region 140 for the external I/O
interface circuits to be connected with the pads 131B and
131C. Thereby, a situation, 1n which the area etliciency with
respect to the arrangement of the transmission pads 131A
may become deteriorated, can be avoided. Further, 1t
becomes easy to optimize the length of the internal wiring
between the external output builer for externally outputting
a high-frequency output current and a corresponding trans-
mission pad.
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Furthermore, by arranging the transmission pads 131 A at
p081t10ns tarther from the periphery of the chip than those of
the recerving pads 131B, a situation can be easily avoided,
the situation being that, if the size of an external output
bufler for externally outputting a high-frequency output
current 1s larger than those of other external I/O buflers, the
area eiliciency with respect to the arrangement of the trans-
mission pad may become deteriorated. Still furthermore, the
length of the internal wiring between the external output
bufler for externally outputting high-frequency output cur-
rent and a corresponding transmission pad can be easily
optimized.

If the transmission pads 131A are shifted from the lines of
the other I/O pads, hampers for the lamination of the
semiconductor chips together and for the electrical connec-
tion between corresponding pads can be easily avoided by
biasing the second semiconductor chip 200 on the RF chip
100 so as to keep away the transmission pads 131A.

From these advantages, the semiconductor device 1
capable of handling multiple different high-frequency con-
tactless communication modes can be optimally formed by
a multi-chip structure, 1.e., can be formed with a high
performance and reliability and can be miniaturized.

In addition, by being obtained by the aforementioned wire
bonding, the semiconductor device 1 can be manufactured at
lower cost in comparison with tlip-chip mounting.

Further, the wires for the upper chip 200 are formed by a
negative bonding pattern, and hence the semiconductor
device 1 can be made small 1n thickness, or marking with the
use of a laser beam can be performed. If a positive bonding
pattern 1s adopted, the rising length of the wire, rising from
the pad 1n the upper chip 200, becomes large. If the
dimension of a concave, on the surface of the upper chip
200, generated by the laser marking, 1s not taken into
consideration with the aforementioned rising length being
collectively added, a defect may be generated, in which the
wire 1s exposed from the concave trace portion generated by
the laser marking.

It 1s needless to say that the present mnvention should not
be limited to the aforementioned embodiments, but various
modifications may be made within the scope not departing,
from the gist of the invention.

For example, 1t has been described that, in the present
embodiment, a metal film (plated film) 1s formed on the
surface (surface exposed from the nsulating film) of the
clectrode pads (bonding leads, bump lands) of the substrate
(wirtng board, interposer substrate) however, the present
invention 1s not limited thereto. That 1s, a metal film may not
be formed on the surface of each electrode pad. However, i
the electrode pad (bonding lead, bump land) 1s comprised of
Cu, the surface (surface exposed from the insulating film) 1s
likely to be oxidized, and hence 1t 1s preferable to forma
metal film, as 1n the embodiment, when the bonding prop-
erty (adhesiveness) with the conductive members (wires,
solder materials) are taken into consideration.

In addition, 1t has been described that, in the present
embodiment, the semiconductor chip (RF chip) has a two-
side pad structure; however, the present invention 1s not
limited thereto. For example, electrode pads may be formed
along each side or three sides, depending on the sizes of the
substrate or the semiconductor chips (RF chip 100, security
chup 200). However, when 1s taken into consideration that
cach of the semiconductor chips 100 and 200 1s electrically
connected with the substrate via the wires, the electrode pads
formed 1n the lower semiconductor chip should not be
covered with the upper semiconductor chip, 1n other words,
should be, exposed from the upper semiconductor chip.
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In addition, it has been described that, in the present
embodiment, the electrode pads (first main surface side
pads) formed along the first side (first upper surface side) of
the main surface of the semiconductor chip (RF chip 100)
include the electrode pads (communication pads) for mnput-
ting/outputting signals (digital signals) between the semi-
conductor chip (RF chip) 100 and the semiconductor chip
(security chip 200); however, the present invention 1s not
limited thereto. For example, the electrode pads (communi-
cation pads) may be included 1n a plurality of electrode pads
formed along a side different from that in the aforemen-
tioned embodiment, 1.¢., may be included 1n the electrode
pads (second main surface side pads) formed along the
second side (second upper surface side) of the main surface
of the semiconductor chip (RF chip 100). In addition, as
illustrated 1n FIG. 4, the electrode pads (communication
pads) of the semiconductor chip (security chip 200), which
1s formed on the upper side, are arranged near to the first side
(first upper surface side) of the substrate; and hence when
the connection (wiring length) with the electrode pads
(communication pads) 1s taken into consideration, 1t 1s
preferable to arrange the electrode pads (communication
pads) of the semiconductor chip (RF chip 100) near to the
same side, as in the aforementioned embodiment.

As main bonding patterns, a positive bonding pattern 1s
adopted for the lower chip (RF chip 100) and a negative
bonding pattern 1s adopted for the upper chip (security chip
200). When the thickness of the sealing body 1s large,
however, a positive bonding pattern 1s adopted also for the
upper chip.

Solder balls, which serve as external terminals, are
formed 1n the bump lands formed on the lower surface of the
substrate (wiring, board). However, the semiconductor
device 1s not limited to a so-called BGA (Ball Grid Array)
type semiconductor device in which the solder balls are
formed on the surface of the bump lands, but may be a
so-called LGA (Land Grid Array) type semiconductor
device 1n which solder materials are formed on the surface
of the bump lands.

In addition, 1t has been described that, in the aforemen-
tioned embodiment, the semiconductor device 1s manufac-
tured by using the base material (wiring board) 1n which the
device regions are provided, but the present invention 1s not
limited thereto. A substrate (wiring board) comprised of a
single device region, as illustrated in FIGS. 7 to 10, may be
used.

In addition, the high-frequency contactless interface
modes supported by the semiconductor device are not lim-
ited to Type A, Type B, and Type C, but 1t 1s needless to say
that other communication modes may be handled. Further,
the modulation mode 1s not limited to ASK, but it 1s possible
to adopt a frequency-modulation mode, etc. The first semi-
conductor chip and the second semiconductor chip are not
limited to an RF chip and a security chip, and internal
circuits of both the chips are not limited to those in the
aforementioned embodiment, but, may be appropnately
changed.

What 1s claimed 1s:

1. A semiconductor device comprising:

a wiring board having an upper surface;

a first semiconductor chip mounted on the upper surface

of the wiring board;

a second semiconductor chip mounted on the first semi-

conductor chip; and

a plurality of conductive members electrically connecting

the first and second semiconductor chips to the wiring
board and to each other,
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wherein the first semiconductor chip i1s configured to
perform interface control of high-frequency contactless
communication, receive communication data of first,
second, and third modulation modes, process the com-
munication data of the first and second modulation
modes, and transmit the communication data of the
third modulation mode to the second semiconductor
chip,

wherein the second semiconductor chip i1s configured to
process the communication data of the third modulation
mode received from the first semiconductor chip, and
transmit the processed communication data of the third
modulation mode to the first semiconductor chip,

wherein the first semiconductor chip 1s further configured
to perform transmission of the processed communica-
tion data of the first, second, and third modulation
modes,

wherein the first, second and third modulation modes are
ASK modulation modes, carrier frequencies of which
are equal to each other,

a signal of the second ASK modulation mode has modu-
lation depth lower than that of a signal of the first ASK
modulation mode and has a communication speed
equal to that of a signal of the first ASK nodulation
mode, and

a signal of the third ASK modulation mode has a modu-
lation depth lower than that of a signal of pie first ASK
modulation mode and has a communication speed
higher than that of a signal or the first ASK modulation
mode.

2. The semiconductor device of claim 1,

wherein the first semiconductor chip 1s an RF chip and the
second semiconductor chip 1s a security chip.

3. The semiconductor device of claim 1,

wherein, 1n plan view, an outer size of the second semi-
conductor chip 1s smaller than an outer size of the first
semiconductor chip.

4. The semiconductor device of claim 1,

wherein the first semiconductor chip includes a plurality
of first electrode pads formed along a first side of a
main surface of the first semiconductor chip for receiv-
ing signals external to the semiconductor device and a
plurality of second electrode pads formed along the first
side of the main surface of the first semiconductor chip
for externally transmitting signals from the semicon-
ductor device according to the contactless communi-
cation.

5. The semiconductor device of claim 4,

wherein the first electrode pads receive the communica-
tion data of the first, second, and third modulation
modes, and the second electrode pads transmit the

processed communication data of the first, second, and
third modulation modes.

6. The semiconductor device of claim 5,

wherein the first semiconductor chip further includes a
plurality of third electrode pads formed along the first
side of the main surface of the first semiconductor chip
for transmitting the communication data of the third
modulation mode to the second semiconductor chip.

7. The semiconductor device of claim 6,

wherein the second semiconductor chip includes a plu-
rality of electrode pads for receiving the communica-
tion data of the third modulation mode from the first
semiconductor chip and for transmitting the processed
communication data of the third modulation mode back
to the first semiconductor chip.
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8. The semiconductor device of claim 6,

wherein the second electrode pads are positioned further
from an edge of the first side of the main surface of the
first semiconductor chip than the first and third elec-
trode pads.

9. The semiconductor device of claim 4,

wherein the contactless communication is via electromag-
netic wave and the receiving and transmitting of signals
by the first and second electrode pads 1s 1n conjunction
with an antenna.

10. A semiconductor device for high-frequency contact-

less communication, comprising:

a wiring board having an upper surface;

a first semiconductor chip mounted on the upper surface
of the wiring board;

a second semiconductor chip mounted on the first semi-
conductor chip; and

a plurality of conductive members electrically connecting
the first and second semiconductor chips to the wiring
board and to each other,

wherein the first semiconductor chip 1s configured to:
receive communication data external to the semicon-

ductor device using the contactless communication;
process a lirst portion of the recerved communication
data; and
transmit an unprocessed second portion of the commu-
nication data to the second semiconductor chip,
wherein the second semiconductor chip 1s configured to:
receive and process the unprocessed second portion of
the communication data; and
transmit the processed second portion of the commu-
nication data back to the first semiconductor chip,
wherein the first semiconductor chip 1s further configured
to transmit the processed first and second portions of
the communication data external to the semiconductor
device via the contactless communication,

wherein the communication data includes communication
data of first, second, and third modulation modes,

the first portion of the communication data including
communication data of the first and second modulation
modes, and the second portion of the communication
data including communication data of the third modu-
lation mode,

wherein the first, second and third modulation modes are
ASK modulation modes, carrier frequencies ol which
are equal to each other,

a signal of the second ASK modulation mode has a
modulation depth lower than that of a signal of the first
ASK modulation mode and has a communication speed
equal to that of a signal of the first ASK modulation
mode, and

a signal of the third ASK modulation mode has a modu-
lation depth lower than that of a signal of the first ASK
modulation mode and has a communication speed
higher than that of a signal of the first ASK modulation
mode.

11. The semiconductor device of claim 10,

wherein the first semiconductor chip includes a plurality
of first electrode pads formed along a first side of a
main surface of the first semiconductor chip for receiv-
ing the communication data and a plurality of second
clectrode pads formed along the first side of the main
surface of the first semiconductor chip for transmitting,
processed communication data according to the con-
tactless communication.
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12. The semiconductor device of claim 11,

wherein the first electrode pads receive the communica-
tion data of the first, second, and third modulation
modes, and the second electrode pads transmit the
processed communication data of the first, second, and
third modulation modes.

13. The semiconductor device of claim 12,

wherein the first semiconductor chip further includes a
plurality of third electrode pads formed along the first
side of the main surface of the first semiconductor chip
for transmitting the communication data of the third
modulation mode to the second semiconductor chip.

14. The semiconductor device of claim 13,

wherein the second semiconductor chip includes a plu-
rality of electrode pads for receiving the communica-
tion data of the third modulation mode from the first
semiconductor chip and for transmitting the processed
communication data of the third modulation mode back
to the first semiconductor chip.
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15. The semiconductor device of claim 14,

wherein the second electrode pads are positioned further
from an edge of the first side of the main surface of the
first semiconductor chip than the first and third elec-
trode pads.

16. The semiconductor device of claim 11,

wherein the contactless communication is via electromag-
netic wave and the recerving and transmitting of com-
munication data by the first and second electrode pads
1s 1n conjunction with an antenna.

17. The semiconductor device of claim 11,

wherein the first and second electrode pads are positioned
on the first semiconductor chip so as to allow for an
output transistor to be connected to the second elec-
trode pads which has a larger size than an 1nput
transistor connected to the first electrode pads.
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